ABSTRACT
INTRODUCTION
Brassica vegetables such as Chinese cabbage (Brassica rapa L. ssp. pekinensis), kale (B. oleracea var. acephala), broccoli (B.oleracea var. italica), cauliflower (B. oleracea var. botrytis), cabbage (B. oleracea var. capitata), and brussel sprouts (B. oleracea var. gemmifera) are considered to possess beneficial and nutritive effects for human health (Verkerk et al. 2009; Lee et al. 2015) . These vegetables are important for animal and human diets because of the presence of proteins, minerals (iron, potassium, sodium, and zinc), vitamins, amino acids, health-promoting phytochemicals such as GSLs, phenolic compounds, carotenoids, anthocyanins, and vitamins (Dekker et al. 2002) . The nutrient components of one hundred grams of edible portion of Chinese cabbage contains (carbohydrate, 3.23 g; protein, 1.2 g; fat, 0.2 g; folate, 79 µg; niacin, 400 µg; pantothenic acid, 105 µg; vitamin C, 27 mg, sodium, 8 mg; calcium, 77 mg; and carotenoids, 250 µg (National Nutrient Database, USA). Chinese cabbage belongs to the Brassica family is the most important ingredient in many foods in Korea, China, and Japan. It has been consumed as Kimchi, Kimchi stew, and fresh leaves with garlic and sesame in Korea. Especially, Kimchi is a traditional fermented food in Korea in which Chinese cabbage is a major ingredient. Kale was consumed as their leaves from 3 months after transplanting until almost 1 year afterward. At this stage, green flower buds are used for human consumption, being eaten as a boiled vegetable (Velasco et al. 2007) . It also contains a high concentration of phytochemicals including GSLs, phenolic compounds, carotenoids, vitamins, and minerals. Glucosinolates (GSLs) and phenolic compounds are nutrient rich secondary metabolites present in plants, especially Brassica vegetables (Clarke 2010) . GSLs have both beneficial and harmful effects. GSLs have various biological activities with being hydrolyzed by myrosinase (thioglucosidase) (Yang and Quiros 2010) . The hydrolyzed products of GSLs have different structure and bioactivity depending on their parent GSLs (Bellostas et al. 2007 ). The hydrolyzed products of GSLs (sulforaphane and other isothiocyanates) contributed to have a great potential role in anti-carcinogenic effects (Commane et al. 2005) . In the recent studies, individual GSL profiles are observed in different accessions of Chinese cabbage (Lee et al. 2014 ).
Total and individual GSLs are significantly affected by genotype and plant growth environment such as light, temperature, fertilization, biotic, and abiotic damage (Park et al. 2014a; 2014b) . The objectives of this study were to investigate the total and individual GSL levels in Chinese cabbage and kale cultivated in different culture media and cultivated under various types of light emitting diodes (LEDs) at different development stages. Furthermore, Chinese cabbage and kale have been also investigated for their antioxidant activities.
MATERIAL AND METHODS

Chemicals
Aryl sulfatase (type H-1, EC 3.1.6.1), sinigrin, 1,1-diphenyl-2-picrylhydrazyl (DPPH), and Folin & Ciocalteu's phenol reagent were obtained from Sigma-Aldrich (St Louis, MO, USA). DEAE Sephadex A-25 was provided obtained from GE Healthcare Bio-Sciences AB (Uppsala, Sweden).
Plant materials
Seeds of Chinese cabbage ('CR Ha Gwang') and kale ('Kale TBC', 'Man Choo Collard') were purchased from Asia seed Co., Ltd. (Seoul, Korea). Chinese cabbage ('Chun Gwang') was obtained from the Sakata Korea Seed Co., Ltd (Seoul, Korea).
Cultivation under different light emitting diode (LED) lights
Chinese cabbage ('Chun Gwang', 'CR Ha Gwang') and kale ('Kale TBC', 'Man Choo Collard') were cultivated in 72 holes-trays with 'High' bed soil (Punong Co., Ltd., Gyeongju, Republic of Korea) on 25 April, 2012 in the greenhouse of Chungnam National University (latitude, 127˚35´E; longitude, 36˚36´N). After 23 days of sowing (DAS), seedlings were transplanted to plastic pots (7 × 12 cm) using the same bed soil under different LED light sources (Red, Blue, and Red+Blue (RB)) in the growth chamber (25 o C, 10%, Red, 45; Blue, 86; RB, 52 μmol/m 2 s). After 30 days after sowing (DAS), Chinese cabbage and kale were harvested every week (30, 37, 44, and 51 DAS) . The each sprout was packed in the aluminum foil, immediately frozen at -70 o C, and freeze-dried. The frozen dried samples were powdered and used for extraction of the phtochemicals.
Extraction of glucosinolates
Crude GSLs were extracted according to the procedure of Kim et al. (2007) and ISO 9167-1 (1992) . Briefly, 100 mg of the lyophilized sample was extracted with boiling 70% (v/v) methanol for 5 min and centrifuged at 12,000 rpm at 4 o C for 10 min. The residue was further re-extracted twice to complete extraction of GSLs. The crude GSLs were loaded on a DEAE Sephadex A-25 anion exchange mini-column (ca. 78 mg as dry matrix). After washing the mini-column with ultra-pure water to remove neutrals and cations, the desulfation reaction of crude GSLs was carried out with 75 μL of aryl sulfatase (E.C.3.1.6.1) overnight (16-18 h) at room temperature. The desulfated (DS) GSLs were eluted with 0.5 mL (× 3 times) of ultra-pure water. The eluates were filtered through 0.45 µm Teflon PTFE syringe filter and used the chemical analysis. Separately, 5 mL of sinigrin (5 mg/ 50 mL) was used as an external standard according to the same procedure mentioned above (Fig. 1A) . 
LC-ESI-MS
for the identification of glucosinolates GSLs were identified by API 4000 Q TRAP tandem mass spectrometer (Applied Biosystems, Foster City, CA). Electrospray ionization tandem mass spectrometry (ESI-MS/MS) source was used in positive ion mode ([M+H] + ) with an Agilent 1200 series HPLC system. The MS operating conditions were as follows: ion spray voltage, 5.5 kV; curtain gas (20 psi), nebulizing gas (50 psi) and heating gas (50 psi), high purity nitrogen (N 2 ); heating gas temperature, 550 o C; declustering potential (100 V); entrance potential (10 V); spectra scanning range, m/z 100-800 (scan time 1.0 s).
HPLC analysis of glucosinolates
DS-GSLs were analyzed by 1200 series HPLC system. The mobile phase compositions were used as follows: 0 min (B) 0%, kept constant at (B) 0% by 2 min, constantly increased (B) 10% until 7 min, gradually increased (B) 31% by 16 min, kept constant at (B) 31% by 19 min, further (B) 0% at 21 min, and then kept constant at (B) 0% for 6 min (total 27 min). The individual GSLs were quantified with HPLC peak area of DS-sinigrin and multiplied with relative response factors from ISO 9167-1 (1992).
Total polyphenol analysis
Total polyphenols were estimated by following the method of Folin-Ciocalteu (Lin and Tang 2007) .
Total flavonoid analysis
Lyophilized powder (10 mg) was dissolved in 1 mL of methanol. The mixture was mixed with 2 mL of ultra-pure water and stored at room temperature for 5 min. 150 μL of 5% NaNO 2 and 10 % AlCl 3 solution were added to the mixture, respectively. After 6 min later, 1 mL of 1 M NaOH and 1.2 mL of ultra-pure water was added (total 5 mL). Total flavonoids were calculated as quercetin equivalent from the calibration curve of quercetin.
Antioxidant assays DPPH radical scavenging assay DPPH free radical scavenging assay was determined by the modified method of Xu et al. (2011) .
Superoxide dismutase
Superoxide dismutase (SOD) activity was determined by the modified method of Marklund and Marklund (1974) .
Statistical analysis
Mean values were compared by Tukey's multiple range test at P ≤ 0.05, using SPSS statistical software.
RESULTS AND DISCUSSION
Identification of glucosinolates LC-ESI-MS together with HPLC methods guided to identify and quantify eleven GSLs such as seven aliphatic GSLs (progoitrin, glucoraphanin, sinigrin, glucoalyssin, gluconapoleiferin, gluconapin, glucobrassicanapin), three indolyl GSLs (glucobrassicin, 4-methoxyglucobrassicin, neoglucobrassicin) and one aromatic GSLs (gluconasturtiin) ( Table 1A , Fig. 1B, Fig. 1C ). Each fragment and ion of GSLs were matched with previous literature (Kim et al. 2010 ). 
Glucosinolates under different LED lights
Total GSLs in Chinese cabbage under all kinds of LED lights steadily increased until 44 DAS and decreased at 51 DAS. Total GSLs were ranged from 0.62 to 5.93 µmol/ g DW in Chinese cabbage (Table 2A) . Brown et al. (2002) indicated that aliphatic and indolyl GSLs were affected by the genotype, environment, and genotype × environment (Brown et al. 2002) . Plants generally respond to environmental stresses by inducing health-promoting phytochemicals as plant defense responses. Light condition can induce the levels of GSL in broccoli sprouts compared to the dark condition (Perez-Balibrea et al. 2008) . No., the elution order of glucosinolates from HPLC chromatograms. ND, not detected. Mean values (n =2) indicated by the the same letters in a line each LED lights do not significantly different at 5% level using Tukey's multiple range test. GSLs : 1, Progoitrin; 2, glucoraphanin; 3, sinigrin; 4, glucoalyssin; 5, gluconapoleiferin; 6, gluconapin; 7, glucobrassicanapin; 8, glucobrassicin; 9, 4-methoxyglucobrassicin; 10, gluconasturtiin; 11, neoglucobrassicin.
No. No., the elution order of glucosinolates from HPLC chromatograms. ND, not detected. Mean values (n =2) indicated by the the same letters in a line each LED lights do not significantly different at 5% level using Tukey's multiple range test. GSLs : 1, Progoitrin; 2, glucoraphanin; 3, sinigrin; 4, glucoalyssin; 5, gluconapoleiferin; 6, gluconapin; 7, glucobrassicanapin; 8, glucobrassicin; 9, 10, gluconasturtiin; 11, neoglucobrassicin. No. 
Total polyphenols
The total polyphenols in 'CR Ha Gwang' cultivated under LED lights were followed by RB (3.889) > Red (3.817) > Blue LED light (3.776 μg/mL), and 'Kale TBC' is RB (3.738) > Red (3.772) = Blue (3.772) (Fig. 2A) . RB LED light contributed to increase their total polyphenols in Chinese cabbage and kale. Polyphenols possess the ideal chemical structure with many biological activities such as antioxidant, anti-inflammatory, anti-carcinogenic, anti-thrombotic, anti-viral and vasodilatory (Manach 2005) . 
Total flavonoids
The mean value of the total flavonoids in 'CR Ha Gwang' (3.376) was higher than that of 'Kale TBC' (3.244 μg/mL) under LED lights (Fig. 2B) (Fig. 3A, 3B) . Results claimed that that the Blue LED light is more efficient to contribute their antioxidant activity in Chinese cabbage and kale (Table 3 ). The levels of polyphenols and the antioxidant capacity displayed by cabbage extracts studied were similar to those of the previous report. The data were analyzed using ANOVA with the means of three replicates (P ≤ 0.05) overall reports clearly indicate that application of LED lamps might stimulate the production of metabolites in Brassica vegetables when compare to without LED treatments. Total polyphenols, flavonoids, and GSLs in Chinese cabbage and kale had no significant correlation with their antioxidant activities. The findings from the present study could serve as a foundation for developing cultivation methods for improving the nutritional compounds such as glucoraphanin, glucobrassicin, polyphenols and anthocyanins.
